We observed increased expression of ADAMDEC1 RNA in monocytes from patients with systemic lupus erythematosus. The precise role of ADAMDEC1 is uncertain and uniquely among metalloproteinases it utilizes a zinc-coordinating aspartic acid residue which allows it to escape inhibition by tissue inhibitor of metalloprotease-3 (TIMP-3). A closely related gene encodes the protein ADAM28, which is not up-regulated in lupus. We leveraged the ability to look at both gene's promoters and enhancers simultaneously. ADAMDEC1 was upregulated by LPS while ADAM28 was not upregulated in the short term. We identified MAP kinases and NFκB as critical cell pathways regulating the expression of ADAMDEC1. These same pathways were implicated in driving the expression of the ADAMDEC1 upstream enhancer RNAs. We demonstrated that binding of the enhancer RNAs produced from the upstream enhancer were critically important and that p300 bound to both the RNA from the enhancer and the DNA at the enhancer. P300 binding to the enhancer was dependent on NFκB. These data define the critical pathways regulating the expression of ADAMDEC1 and extend our knowledge of the roles of enhancer RNAs and mechanistically links p300 and enhancer RNAs.
Introduction
The family of proteins referred to as ADAMs (A Disintegration AndMetalloproteinase) have emerged as major regulatory effectors for biological processes. Cellular processes related to fertility, cell fate determination, and cell development have all been implicated are regulated by this family of proteins (Alfandari et al., 2001; Blobel, 2005; Chen and Sampson, 1999; Maretzky et al., 2005; Reiss and Saftig, 2009; Seals and Courtneidge, 2003) . Knockout mice for various ADAM family members have had diverse phenotypes (Reiss and Saftig, 2009) . One of the main functions of ADAM family proteins is proteolytic cleavage and ectodomain shedding. ADAM family members induce shedding of many cell surface proteins including growth factors, cytokines, cell adhesion molecules, and various receptors (Black et al., 1997; Moss and Lambert, 2002; Yan et al., 2002) . ADAM-mediated shedding is both constitutive and inducible and is largely dependent on G-protein coupled receptors and protein kinase C (Ohtsu et al., 2006; Schafer et al., 2004) .The role of ADAM proteins in remodeling extracellular matrix has led to intense investigation from the perspective of regulating metastases but there is little information regarding expression in inflammatory states (Han et al., 2001; Zhu et al., 2003) .
We identified overexpression of ADAMDEC1 in systemic lupus erythematosus (SLE) (Shi et al., 2014) and studies have found significant upregulation of ADAMs in colitis with ADAMDEC1 knockout mice more susceptible to colitis (O'Shea et al., 2016) . ADAMDEC1, also known as decysin, is primarily expressed in myeloid lineage cells. It is upregulated by a variety of stimuli and inflammatory states (Galamb et al., 2008) . These data suggest that ADAMDEC1 may be important in inflammation, however, the regulation of expression of ADAMDEC1 has not been investigated in detail.
ADAM28 is encoded upstream of ADAMDEC1 and appears to have overlapping functions. The role of ADAM28 in metastatic spread is wellcharacterized and ADAM28 is thought to regulate migration (Mitsui et al., 2006; Mochizuki et al., 2012; Ohtsuka et al., 2006) . One substrate of ADAM28 is connective tissue growth factor and cleavage by ADAM28 releases vascular endothelial growth factor 165 which drives angiogenesis, a key step in invasion by malignant cells, thus providing another mechanism related to metastasis (Mochizuki et al., 2010) . ADAM28 expression has been detected in lymphocytes where it regulates adhesion (McGinn et al., 2011) and it may contribute to atherosclerosis by modulating monocyte attachment to endothelium (Worley et al., 2007) . Recently, an interaction with the complement protein C1q has been described (Miyamae et al., 2016) . ADAM28 provides protection from C1q-mediated cell death, a critical pathologic process in inflammation. Complement-mediated tissue injury is a key facet of end-organ damage in SLE.
We therefore set out to understand the expression of ADAM28 and ADAMDEC1, two closely related proteins transcribed from adjacent genes and relevant in SLE. We found that ADAMDEC1 is regulated by a cascade of events centered on NFκB regulation of p300 binding of enhancer RNAs (eRNAs).
Materials and methods

Cells and inhibitors
Primary monocytes were obtained from a campus core facility under an IRB-approved protocol. Subjects gave informed consent. The SLE samples reported were obtained as part of a previously reported study under a separate IRB-approved protocol for which all subjects gave informed consent (Zhang et al., 2018a) . The SLE patient RNA samples have been previously reported (Shi et al., 2015 (Shi et al., , 2014 , although these analyses are new. MonoMac6 cells were used as a monocyte cell line and maintained in RPMI with 10% cosmic calf serum with OPI supplement (Sigma-Aldrich, St. Louis, MO). MonoMac6 cells were obtained from the German source and thawed from primary vials every 2-3 months. The inhibitors utilized included C646 (Santa Cruz Biotechnology, Dallas, Texas) which was used at 20μM. It is an inhibitor of CBP/p300 induced histone acetylation (Bowers et al., 2010) . The inhibitor iBET151 (Life science Research, Billerica, Massachusetts) was used at 20μM as a specific inhibitor of BRD3/4, important for transcriptional activation and elongation at paused genes (Yang et al., 2005) . DRB (Sigma-Aldrich, Allentown, PA) was used at 40μM as an inhibitor of elongation regulating eviction of NELF via P-TEFb (Yankulov et al., 1995) . JSH-23 (Santa Cruz Biotechnology) was used at 20μM as a specific inhibitor of NFκB translocation (Shin et al., 2004) and SP600125 (Calbiochem, Darmstadt, Germany) was used at 10μM an inhibitor of the JNK MAP kinase. Toxicity analyses confirmed minimal cell death at these concentrations. Transfection of cells was performed by electroporation with the Amaxa Cell Line Lonza Nucleofector Kit (Amaxa Biosystems, Gaithersburg, MD) or Lipofectamine 2000 (ThermoFisher, Waltham, MA). HPLC-purified LPS and phorbol myristate acetate (PMA) were purchased from Sigma-Aldrich (St. Louis, MO). Knock-down phosphorothioate antisense oligonucleotides used were ADAMDEC1-157-ASO1-TTT GGAAGCCAAGTAATAGC and ADAMDEC1-157-ASO2-TGTTTATCCAAAGAATTTTC.
Two million cells were transfected with 500 nM antisense oligonucleotide using nucleofection. LPS treatment utilized 1μg unless otherwise specified.
Luciferase reporter assay
The pGL3-TK vector and the TK-A7 positive control were gifts from the Shiekhattar lab (Orom et al., 2010) . The TK-A7 enhancer regulates the UBE2VI gene. The luciferase assay was performed in 96-well white plates using the Dual-Luciferase reporter assay kit (Promega, Madison, WI). 5 × 10 4 cells were transfected with 0.2μg of plasmid and 0.01μg pRL renilla reporter vector. Luciferase and renilla signals were measured at 24 h.
Transcriptional analysis
Cells were harvested and total RNA was extracted by TRI Reagent® (Sigma-Aldrich, St. Louis, MO, USA) and the Direct-zol™ RNA MiniPrep Kit (Zymo Research Irvine, CA). The Clontech Advantage RT for PCR kit (Clontech, Mountain View, CA) was used to make cDNA. RNA levels were detected by real-time PCR using the TaqMan 7900. Transcript levels were normalized to the 18S signal. ncRNAs were detected with custom SYBR green primers. 
ChIP assays
ChIP experiments were carried out as previously described (Garrett et al., 2008; Lee et al., 2003) . Briefly, 5-10 × 10 6 cells in each condition were treated with 1% formaldehyde for 10 min at room temperature to crosslink. 
RNA immunoprecipitation assays
The RNA immunoprecipitation (RNA-IP) assay was modified as described by Niranjanakumari (Niranjanakumari et al., 2002) . Briefly, 20-40 million cells were crosslinked using 1% formaldehyde for 10 min and quenched with glycine. The fixed cells were lysed in RIPA buffer (1%NP40, 0.5% sodium deoxycholate, 0.05%SDS, 1 mM EDTA, 150 mM NaCl) and sonicated. The precleared lysates were incubated with antibodies and protein A agarose at 4°C. Immune complexes were washed and reverse cross-linked. Direct-zol™ RNA MiniPrep Kit was used to extract the immunoprecipitated RNA.
Statistical analyses
The results represent a minimum of three separate biological experiments. Each figure legend describes the number of individual experiments. Comparisons across treatments were performed using Student's t-test
Theory
The interaction of CBP with eRNAs is a newly described aspect of transcriptional regulation (Bose et al., 2017) . CBP binding of eRNAs was defined using ChIP-seq on a genome-wide basis and CBP binding of eRNAs was found to activate acetyltransferase activity. P300, a closely related histone acetyltransferase, was not examined in the same manner but is known to have the same RNA-binding motif. This study analyzed the role of p300 as a nexus of eRNA activation of transcription with gene-level detail in a system relevant for human disease.
Results
MAP kinase and NFκB regulation of ADAMDEC1
We noted on RNA-seq of peripheral blood monocytes that ADAMDEC1 was overexpressed in SLE while the adjacent ADAM28 was not (Table 1) (Shi et al., 2014) . The expression of ADAM28 has been primarily investigated in the setting of malignancy while ADAMDEC1 has been investigated in inflammatory disease states (Fritsche et al., 2003; Galamb et al., 2008) . To understand the pathways regulating ADAMDEC1 expression, we contrasted the expression of these two directly adjacent ADAM family member genes in a carefully controlled setting using qRT-PCR. We stimulated primary monocytes with LPS, a classic pro-inflammatory stimulus with a well-understood signaling cascade involving MAP kinases and NFκB. The expression of ADAMDEC1 was upregulated after 90 min of LPS stimulation while ADAM28 remained unchanged at this time-point in primary monocytes ( Fig. 1) . To investigate the key elements responsible for the regulation of ADAMDEC1, we utilized a panel of inhibitors designed to probe the role of each component of the signaling cascade for LPS. U0126 was used as an inhibitor of MAP kinase ERK, SB203580 was used as an inhibitor of the MAP kinase p38, SP600125 was used as an inhibitor of the MAP kinase JNK, and JSH-23 was used as an inhibitor of NFκB. The p38 inhibitor, SB203580, had the greatest inhibitory effect on ADAMDEC1 expression while the ERK inhibitor, U0126, had no effect. The inhibitory effects of the agents used were confirmed by analyzing the expression of the classic inflammatory cytokines, TNF and IL1A after LPS. We concluded that ADAMDEC1 is regulated through the classical signaling pathway for LPS with contributions from p38, JNK, and NFκB. With this foundation, we set out to understand the interplay of chromatin dynamics and eRNA expression at this key locus.
Enhancer regulation of ADAMDEC1
The distinct expression pattern of two highly related genes that are transcribed from adjacent locations provided an opportunity to directly compare features to elucidate the mechanisms of regulation. Using ChIP-seq tracks for regulatory regions, we noted two prominent enhancers as defined by H3K27ac peaks with low H3K4me3 (Fig. 2A) . Approximately 20 kb upstream of ADAM28 there is a region with chromatin features of an enhancer (Enhancer 1). Downstream of ADAM28, lying between ADAM28 and ADAMDEC1 is a second region with chromatin marks of an enhancer (Enhancer 2). To ensure that we had identified active enhancers based on chromatin characteristics, we examined our RNA-seq data for potential eRNAs, observed as short noncoding RNAs (Zhang et al., 2018b) . Enhancer 1, upstream of ADAM28 and Enhancer 2, upstream of ADAMDEC1, both exhibited short transcripts consistent with eRNAs (shown schematically in Fig. 2A above the histone tracks and as RNA-seq tracks indicated as the eRNA track). To further validate that these transcripts likely represented regulatory eRNAs, we analyzed their cellular compartment localization by separating cytoplasm, nucleoplasm and chromatin fractions and performing qRT-PCR (Fig. 2B ). For this analysis and subsequent analyses where large numbers of cells were required, we utilized MonoMac6 cells as a human monocyte cell line representative of mature monocytes. XIST was used as a control non-coding RNA that is known to regulate X chromosome inactivation and remains associated with chromatin. The eRNAs were strongly associated with the chromatin fraction, similar to XIST, and distinct from the cytoplasm-associated ACTB RNA that encodes cellular actin. These data support a regulatory role of the putative eRNAs.
As an additional strategy to confirm that these were functional enhancers, we subcloned the DNA corresponding the eRNA 134, which is centered on the H3K27ac peak upstream of ADAM28 (Enhancer 1), into a minimal thymidine kinase (TK) promoter construct. This construct was tested in a luciferase assay for enhancer function (Fig. 3A) . The 134 DNA construct was able to transactivate the TK promoter, as was the positive control, A7 (Orom et al., 2010) , while a negative control, 172 that represents a non-enhancer-associated non-coding RNA, had no effect. Based on characteristic chromatin features and eRNA production, we conclude that Enhancers 1 and 2 represent active enhancers in monocytes.
Enhancer RNAs are produced in a roughly linear fashion with the mRNAs that are regulated by the enhancer. To determine whether these eRNAs were coordinately regulated with ADAM28 or ADAMDEC1, we stimulated with LPS and used the same inhibitors that we used to define the regulatory pathways impacting the mRNAs in Fig. 1 (Fig. 3B) . The effects of the inhibitors on eRNA expression were similar but somewhat distinct. Enhancer 1 exhibited suppression of all three tested eRNAs with the P38 inhibitor, SB203580 while the effects of JNK and NFκB inhibition were limited to 134 and 142. Notably, eRNA 122 is the farthest away from the peak of the enhancer. Both sets of eRNAs (Enhancer 1 and Enhancer 2) were induced by LPS and the effect was inhibited by the p38 inhibitor (SB203580) and the JNK inhibitor (SP60025), which was also true for ADAMDEC1 expression. In contrast to the pattern for ADAMDEC1 where LPS induction of expression was inhibited by the NFκB inhibitor, JSH-23, the eRNAs located at Enhancer 1 were not affected by JSH-23 and the eRNAs at Enhancer 2 were minimally affected. Thus, both enhancers had an expression pattern that displayed significant but imperfect overlap with that of ADAMDEC1. Enhancer 2 eRNAs exhibited a pattern more consistent with that of ADAMDEC1 than Enhancer 1 eRNAs.
To demonstrate the functional role of the eRNAs, we transfected 20 nt phosphorothioate antisense oligonucleotides (ASOs) directed at eRNAs (Fig. 4A) . The eRNA 157 from Enhancer 2 was knocked down using two separate ASOs (right panel) and we noted no difference in ADAM28 expression (left panel) compared to the LACZ control siRNA while ADAMDEC1 expression was reduced compared to the LACZ siRNA control after LPS treatment (middle panel). The ASOs did not affect basal expression of ADAMDEC1, as expected, since eRNAs do not regulate basal expression. These data confirm the role of eRNA 157 in the regulation of ADAMDEC1. We saw no effect of knocking down the eRNAs from Enhancer 1 on either ADAM28 or ADAMDEC1 expression (data not shown). We noted in a careful kinetic analysis that the eRNAs associated with Enhancer 1 (122, 134, 142) had a slightly later response to LPS compared to the eRNAs associated with Enhancer 2 (157, 158) (Fig. 4B) . In these MonoMac 6 cells, ADAM28 was modestly up-regulated with later kinetics than ADAMDEC1. We hypothesize that the later kinetics for Enhancer 1 eRNAs may be responsible for the late activation of ADAM28 or that the effect may be indirect. Based on the ASO knockdowns and the expression pattern of the eRNAs, we assigned Enhancer 2 as regulating ADAMDEC1 expression while Enhancer 1 may be involved in the regulation of ADAM28 at later time points or indirectly involved in the regulation of ADAMDEC1. With this clear functional association attributable to Enhancer 2 eRNAs regulating ADAMDEC1, we wished to understand the chromatin dynamics at the promoter and enhancer related to ADAMDEC1.
Chromatin characteristics
Acute stimulation of expression is often accompanied by changes in the local chromatin at either the promoter, enhancer or both. We hypothesized that differential expression of ADAM28 and ADAMDEC1 might be regulated at the level of chromatin and could be reflected in eRNA effects. We therefore determined the changes in histone modifications at the ADAM28 and ADAMDEC1 promoters, Enhancer 1, and Enhancer 2 after LPS stimulation (Fig. 5 ). H3K4me3 and H3K27ac at the ADAM28 promoter did not exhibit any changes with LPS stimulation, consistent with its lack of regulation by that stimulus in this early timeframe. The ADAMDEC1 promoter and Enhancer 2 exhibited increased H3K27ac after LPS with Enhancer 2 also having slightly increased H3K4me3. These findings support the important role for Enhancer 2 in the regulation of ADAMDEC1. NFκB p65 and c-JUN, as a downstream effector of the MAP kinase pathway, were also examined. We observed that c-JUN was inducibly loaded onto Enhancer 1 and the ADAM28 promoter after LPS. Thus, the differences in expression are not due to a lack of transcription factor binding at ADAM28. We did not identify NFκB or c-Jun binding on the ADAMDEC1 promoter, possibly because our primers amplified only the proximal promoter. Enhancer 2 exhibited increased NFκB p65 after LPS. The inhibitor data supports a role for c-JUN in the regulation of ADAMDEC1, in spite of not observing acute loading at the proximal promoter or Enhancer 2. These data collectively demonstrate critical chromatin changes at the ADAMDEC1 promoter and enhancer related to LPS stimulation. Increased H3K27ac is associated with activation of enhancers and is therefore biologically relevant.
Regulation of eRNA expression
We hypothesized that these histone modifications were central to the transcriptional activation of ADAMDEC1 and not simply epiphenomenon. To gain mechanistic insights, we examined the effect of chromatin modification inhibitors on the expression of the eRNAs and the mRNAs (Fig. 6 ). C646 was used as an inhibitor of p300, iBET 151 was used as an inhibitor of bromodomains such as BRD3 and BRD4, regulating elongation, and DRB was used as an inhibitor of P-TEFb, critical for regulating release from pausing. Most inducible genes are regulated at the level of pause-release (Adelman and Lis, 2012) . Expression of TNF was used as a pause-release control gene for the inhibitors and LPS induction of expression. GAPDH was used as a noninducible control. ADAM28 was not induced by LPS and the inhibitors had no effect on expression levels. ADAMDEC1 expression was markedly inhibited by iBET151, DRB and C646, consistent with enhancer regulation of pause-release. The eRNAs at Enhancer 2 (157, 158) were also strongly inhibited by DRB and iBET with some inhibition by C646. Only eRNA 142 from Enhancer 1 had a similar pattern. These data again suggest that Enhancer 2 is more tightly tied to the ADAMDEC1 promoter than Enhancer 1 although it does appear that Enhancer 1 is expressed and may contribute to gene regulation tangentially. One of the key functions of eRNAs is to activate the acetylase function of CBP and p300, pivotal enhancer-binding proteins (Bose et al., 2017) . We hypothesized that acetylation of histones by CBP or p300 could be responsible for the increased H3K27ac observed at ADAMDEC1 after 
P300 binds eRNAs
CBP and p300 are highly homologous proteins that drive the stimulus-inducible histone acetylation at enhancers (Bose et al., 2017) . Additionally, we previously reported the binding of eRNAs to NELF and PTEF-b in the setting of pause-release transcriptional activation of SERPINB2 (Shi et al., 2017) . We therefore examined the binding of the eRNAs to CDK9 (a component of PTEF-b), NELF-A, CBP, and p300 by RNA -immunoprecipitation (RNA-IP). With very rapid kinetics after stimulation, we saw binding of Enhancer 1 (122, 142) and Enhancer 2 (157) eRNAs to p300. (Fig. 7) . The effect was transient and had returned to baseline at 30 min. CDK9 binding was only observed for Enhancer 1 eRNAs (122, 142). NELF-A binding to 157 and 122 also exhibited rapid kinetics after LPS. A control eRNA that is not inducible by LPS (477) did not change with stimulation. None of the eRNAs exhibited binding by CBP. These studies suggested that p300 was the acetyltransferase responsible for binding to eRNAs and writing the H3K27ac mark at the enhancer and promoter.
To confirm the role of p300, we performed a ChIP assay for p300, reasoning that if the p300 bound to eRNAs was active, we should observe it on the enhancer DNA after LPS. Indeed, LPS stimulation increased p300 on both Enhancer 1 and Enhancer 2. In cell differentiation, p300 marks super-enhancers required for cell fate decisions (Witte et al., 2015) . Recruitment in that setting is often dependent on NFκB (Holmqvist et al., 2012; Ong and Corces, 2011; Rikitake and Moran, 1992; Visel et al., 2009 ). We investigated whether NFκB was critical for p300 recruitment in response to LPS in our model system by using JSH-23, a specific NFκB inhibitor (Fig. 8) . JSH-23 was already demonstrated to diminish mRNA and eRNA transcript levels for ADAMDEC1. In this p300 ChIP analysis, JSH-23 led to diminished p300 recruitment after The UCSC genome browser view shows the position of ADAM family genes and enhancers. The detailed annotation of the eRNAs was identified by the TophatCufflinks pipeline in human SLE monocytes (Shi et al., 2014) . The eRNAs are shown schematically a the top of the figure and the eRNA tracks from our RNA-seq dataset are displayed in the eRNA track with the mRNAs removed due to the magnitude of their expression compared to the eRNAs. Histone marks in human CD14+ monocytes from the ENCODE data indicated that these eRNAs are located within active enhancer regions, termed Enhancer 1 and Enhancer 2. (B) The eRNAs were localized primarily to the chromatin fraction. RNA was extracted from MonoMac6 cytoplasm, nucleoplasm and chromatin fractions with or without 1 μg/ml LPS treatment. qRT-PCR was performed. Actin B and XIST are shown as positive controls for cytoplasmic and chromatin fractions, respectively (n = 3, error bars in panels denote SD). Symbols indicate statistical significance: * indicates p < 0.05, ** p < 0.01. LPS at Enhancer 1 and Enhancer 2. These data support a role for NFκB in the early stages of enhancer activation at the ADAM28 and ADAMDEC1 locus through the regulation of p300 recruitment to enhancers after stimulation.
Discussion
This analysis took advantage of two highly homologous ADAM family genes with discordant regulation. ADAMDEC1, upregulated in monocytes in SLE, and ADAM28 which has been functionally implicated in SLE pathogenesis but which had normal expression in SLE Fig. 3 . DNA from Enhancer 1 activates luciferase transcription. (A) The enhancer DNA corresponding to eRNA 134 was subcloned downstream of luciferase under the control of the minimal thymidine kinase promoter (TK). The firefly luciferase vectors were co-transfected with a constitutive Renilla control, pRL-TK, into HEK293 cells. PGL3-TK-A7 is a positive control from near the UBE2VI gene. Construct 172 is a negative control, which encodes a non-coding RNA but is not an eRNA and is not located in the ADAM locus. Inducible firefly luciferase was normalized to the Renilla signal. DNA from Enhancer 1 was able to transactivate TK expression in this system. (B) The Enhancer 1 and 2 eRNAs were coordinately regulated with ADAMDEC1 in primary monocytes. The cells were pretreated by SB203580, JSH-23, SP60025 or U0126 for 30 min and then stimulated with LPS for 90 min (n = 3, error bars in panels denote SD). Symbols indicate statistical significance: * indicates p < 0.05, ** p < 0.01, and *** p < 0.001. monocytes, were examined in detail in this study. In a rigorous kinetic analysis, Enhancer 1, closest to ADAM28, had slower upregulation in response to LPS than the eRNAs from Enhancer 2, closest to ADAMDEC1. We did not perform detailed time course studies to determine if late events after LPS could be responsible for Enhancer 1 regulating ADAM28 since the time frame suggested indirect regulation. We also observed that eRNA 157 from Enhancer 2 was functionally important for the up-regulation of ADAMDEC1 after LPS. The kinetics and ASO effects suggest that Enhancer 2 is primarily responsible for ADAMDEC1 regulation, however, we did not rigorously exclude a late role for Enhancer 1. H3K27ac was strongly upregulated after LPS at Enhancer 2, whereas that of Enhancer 1 was not changed and Enhancer 1 had much higher basal H3K4me3, a mark found in lesser amounts at active enhancers (Djebali et al., 2012) . In other ways, the behavior of the two enhancers was comparable. Both enhancers had inducible binding of p300 that in turn bound the eRNAs. Both enhancers exhibited p300 binding to chromatin that was dependent on NFκB. These data provide important gene-level support for a model of enhancer activation that has been largely proposed based on genome-wide level ChIP-seq and other next generation sequencing approaches.
The model for activation of transcription in the setting of inducible expression at pause-release promoters involves early events setting the stage for eRNA production. These include establishing H3K4me1and recruitment of BRD4 (Dorighi et al., 2017; Lee et al., 2017) . These early stages are known to be important for recruitment of RNA polymerase II and the Mediator complex (Jeronimo et al., 2016) . Our study did not analyze those early steps because the permissive landscape is often established in development. For pause-release genes such as most of those responding to LPS, RNA polymerase II is loaded onto the promoter and short 60-80 nt transcripts are produced with RNA polymerase blocked from elongation by NELF and DSIF (Patel et al., 2013) . Release from pausing requires P-TEFb which we analyzed by looking for CDK9, the RNA-binding subunit of P-TEFb. We found that Enhancer 1 eRNA bound to CDK9 after stimulation but not eRNAs from Enhancer 2. Whether this reflects a non-pause-release mechanism for Enhancer 2 regulation of ADAMDEC1 is not known. We also found NFκB-dependent recruitment of p300 to the enhancers extending our understanding of the mechanisms regulating p300 recruitment (Ong and Corces, 2011) . CBP and p300 have been examined as scaffolding proteins supporting NFκB-regulated promoters (Kamitani et al., 2011; Li et al., 2018; Mukherjee et al., 2013) . Thus, interactions between NFκB and p300 are well described at promoters. Less well understood are their interactions at enhancers. H3K27ac and p300 are often used to define enhancers bioinformatically (Creyghton et al., 2010) . When an inducible system was used, activation of transcription was associated with acquisition of p300 at enhancers (Ramos et al., 2010) . P300 has been found to mark enhancers that are co-bound by NFκB and in our studies, inhibition of NFκB led to diminished recruitment of p300 to the enhancers after LPS stimulation, a novel finding. Our studies confirm the prevailing model for enhancer activation in inducible systems and extend the data to a single locus where the details were elucidated mechanistically and further define the stepwise acquisition of transcriptional activation Fig. 6 . The effect of chromatin inhibitors on transcript levels. Primary monocytes from healthy controls were pretreated with 20μM C646, 40μM DRB or 10 μM iBET for 30 min before adding 1μg/ml LPS. Total RNA was isolated and qRT-PCR was used to measure the enhancer RNA or mRNA level. DRB and iBET uniformly led to diminished RNA levels. The effect of C646 was more variable (n = 4, error bars represent SD, * indicates p < 0.05, ** p < 0.01). The y-axis represents fold change over LPS-treated cells. Fig. 7 . LPS induces NELF and P300 binding to eRNAs. MonoMac6 cells were treated with 1 μg/ml LPS for 010 and 30 min. RNA-IPs were performed using NELF-A, CDK9 (a component of P-TEFb), P300 or CBP antibodies. Bound RNAs were detected by qRT-PCR. 477 is an enhancer RNA located on chromosome 1 but not induced by LPS. Results are the means plus standard deviation (n = 4). Symbols indicate statistical significance: * indicates p < 0.05, ** p < 0.01. through the NFκB-mediated recruitment of p300 at some enhancers.
The finding of CDK9 binding eRNAs at Enhancer 1 suggested that the enhancer role might be primarily in pause-release. This is not surprising since most LPS-inducible genes are regulated by pause-release. Only Enhancer 2, however, exhibited binding to NELF, a feature we previously identified as part of pause-release at the SERPINB2 enhancer (Shi et al., 2017) . It is possible that the enhancers collaborate to regulate expression with high fidelity. While it remains difficult to extrapolate these findings to precise mechanistic differences between the regulation of ADAM28 and ADAMDEC1, it is clear that they have basal and inducible chromatin features that are distinct. Inducible H3K27ac was seen only at the ADAMDEC1 promoter and Enhancer 2, a process thought to be secondary to eRNA binding to p300 or CBP at the site. Yet both Enhancer 1 and Enhancer 2 eRNAs bound to p300 and p300 was correctly positioned on DNA at both enhancers. We cannot exclude that H3K27ac appears later at the ADAM28 and Enhancer 1 sites.
Although the distinction between ADAM28 and ADAMDEC1 regulation remains less than fully elucidated, these studies are extremely important in demonstrating directly the pivotal role for eRNAs in the transcriptional regulation of ADAMDEC1. There are still very few examples where eRNA function has been directly demonstrated. We showed that knockdown of Enhancer 2 eRNA 157 blunted the response to LPS. Additionally, p300 at Enhancer 2 bound eRNA157 and both the ADAMDEC1 promoter and Enhancer 2 exhibited increased H3K27ac after stimulation, consistent with activation of the acetylase function of p300 by the eRNAs (Bose et al., 2017) . Chemical inhibition of p300 by C646 also led to a blunted transcriptional response of ADAMDEC1 to LPS, supporting a role specifically for the acetylase function being required for transcriptional activation. Additionally, p300 recruitment to the enhancer was diminished by NFκB inhibitor treatment.
In our model, the paused state at the ADAMDEC1 promoter is maintained by NELF and DSIF. After LPS, NFκB is rapidly recruited to Enhancer 2, leading to assembly of a p300-NFκB complex on Enhancer 2. After eRNA production, p300 activation occurs, leading to increased H3K27ac at both the enhancer and promoter. The eRNA binds to CDK9 and NELF-A on the promoter, serving to activate the super-elongation complex and relieve pausing. Collectively, these data represent key insights into the regulation of a gene commonly affected by inflammatory diseases. The production of eRNAs represents a rapid-onrapid-off kick-start for transcriptional activation. Recognition of these mechanisms is of critical importance as therapeutics directed at bromodomains and methyltransferases are being piloted for humans (Copeland et al., 2009; Liu et al., 2017; Perez-Salvia and Esteller, 2017; Zhao et al., 2017) . Off-target effects on responses to inflammatory stimuli may occur and a better understanding of the transcriptional regulation allows for prediction of effects on the immune system.
Conclusions
P300 represents the pivotal histone acetyltransferase for the ADAMDEC1 enhancer. Given the role of ADAMDEC1 in inflammatory diseases, a complete understanding of its regulation is imperative. These data demonstrate a complex interplay between eRNAs and p300 with NFκB linked to p300 recruitment leading to transcriptional activation.
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